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Abstract 
One of the challenges to reduce energy consumption in the construction sector around the world is the development 
of appropriate construction materials. Due to its thermal properties, gypsum plaster is one of these materials. Tunisia 
ranks second worldwide for the production of gypsum. It used almost exclusively for decorative purposes although it 
has interesting thermal properties. This study deals with the thermal characterization of Tunisian gypsum plaster from 
Meknassi region. Particular attention is paid to the effect of temperature and water content on the thermal 
conductivity. The plaster thermal conductivity vs. temperature exhibits an interesting behavior for buildings walls. 
Thermal analysis by DSC was conducted to explain this behavior.  
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1. Introduction 
The construction sector is a major consumer of energy around the world. One of the challenges to reduce 
this consumption is development of appropriate construction materials. Due to its thermal properties, 
gypsum plaster is one of these materials.  Tunisia ranks second worldwide for the production of gypsum, 
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although its internal market only consumes around 2% of the production and it used almost exclusively
for decorative purposes. Many studies have focused on experimental determination of thermo-physical
properties of construction materials. Several techniques are developed in the literature [1-13]. Different
construction materials studied by these methods show that their thermo-physical properties are related to
the operating conditions, including temperature and water content. Plaster is a material that has good
thermal, acoustic and fire resistance basically due to its thermal properties as a hygroscopic material
[14,15]. Subject to medium temperature elevation, plaster absorbs a significant amount of heat due to its
internal chemical changes [16]. Despite these qualities, plaster is underused in buildings. This study aims
to prospect the effects of temperature and water content on thermal properties of a Tunisian gypsum 
plaster from Meknassi.
Nomenclature 
e       thickness [m]
E= mw/mp   mixing ratio
I electric current [A]
L       length [m]
m        mass [kg]
T temperature  [K ]
U         voltage [V]
Greek symbols
thermal conductivity [ W/m K] 
Iheat flux [W]
Subscripts  
H          heated face C           cold face
p           plaster w          water
1           inner cylinder 2          external cylinder
i, j positions of thermocouples in the same axial position 
2. Experimental investigation
2.1 Experimental setup
An experimental device for manufactured for measuring the thermal conductivity in steady state regime 
by the radial flux method (Fig. 1). It consists of two coaxial cylinders with radius r1 = 3.5mm, r2 = 50mm
and a length of L = 450mm. The inner cylinder carries an electrical resistance heater. The outer cylinder 
is cooled by circulating water through a copper coil wrapped around its outer surface in order to maintain
a constant and uniform temperature. The sample is inserted between the two cylinders. To minimize axial
heat losses, the bases of the device are sealed with two Teflon discs. These discs are fixed by two
682   Mohammed Ben Mansour et al. /  Energy Procedia  42 ( 2013 )  680 – 688 
aluminum discs. According to the recommendations of [17, 18], our experimental device is an infinitely 
long one, as its length-to-external-diameter ratio is greater than 4. Thus axial thermal conduction may be
neglected.
                   
Figure 1: The experimental device Figure 2: Positions of thermocouples
2.2 Experimental procedure and conditions
Assuming that all the power supplied by the electrical generator is totally transformed into heat by Joule 
effect in the resistance heater, the heating flux is,
) = U.I                                                                           (1)
The experimental setup is equipped with K type thermocouples connected to a data acquisition system.
Six thermocouples are sticked on the sample-to-cylinders interfaces (3 on each side at different axial
positions). Twelve thermocouples are placed at different radial and axial positions of the sample (Fig. 2).
These thermocouples are used to check the symmetry of heat flux.
The thermocouples were well calibrated and the device has been subject to many preliminary tests, such 
as: the uniformity of the interfacial temperature, the establishment of the steady state regime, the
symmetry of the heat flux and the reliability of the measurements of the conductivity obtained by the 
device. This latter was conducted by means of reference samples. At steady state regime, thermal 
conductivity results is obtained from Fourrier’s law, 
(2)
where ri and  rj are the radial position where temperatures Ti and Tj are measured.
The measured thermal conductivity for the plaster powder and setted plaster are respectively
k=(0.10±0.04) W/m K and k = (0.22±0.03) W/m K . These results are in perfect agreement with those 
found in the literature [19, 20].
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3. Results and discussion  
3.1 Powder plaster 
3.1.1 Effect of the temperature on the thermal conductivity of the powder plaster 
Figure 3 shows the evolution of the thermal conductivity of the plaster powder according to the 
temperature of the heating cylinder. We can distinguish two zones. For the first one, where T is in 
between 50°C and 110°C, thermal conductivity slight decreases from 0.103 to 0.094 W/m K. This 
decrease is attributed to the evaporation the plaster water content. In the second zone, which corresponds 
to T > 110 °C, thermal conductivity of plaster powder undergoes a slight increase and then remains 
constant.  
 
Figure 3: Variation of thermal conductivity of the powder plaster vs. temperature 
3.1.2 Thermal analysis by differential scanning calorimeter (DSC) 
Thermal analysis by differential scanning calorimeter (DSC) confirms the results found above. The 
thermal behavior of the plaster power is shown in Figure 4. This figure exhibits three peaks. The first 
ones, around T= 77°C and 175°C, correspond to the evaporation of free water content. The most 
important peak in terms of heat flux corresponds to the anhydrite III. The third peak, which occurs around 
T = 350°C, corresponds to a slightly exothermic chemical reaction in which the molecular structure of 
anhydrite III rearranges in an insoluble state anhydrite II. 
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Figure 4 : DSC analysis of powder plaster (semi hydrate), heating rate 5°C/min 
3.2  Setted plaster 
Setted plaster samples are obtained with a mixing ratio E= 0.6 (mw = 2160 g, mp = 3600g). The samples 
are performed in co-axial cylinders mold of 29mm thickness.    
3.2.1  Effect of temperature on the thermal conductivity of setted plaster  
Figure 5 reports the effects of temperature increase of the setted plaster thermal conductivity. The 
evolution of this thermal conductivity may be subdivided in three zones. The first zone is located in-
between T = 40°C and T = 90°C. Here thermal conductivity slightly increases from 0.22W/m K to 
0.27W/m K. The second zone, located between T = 100°C and T = 200°C, corresponds to a decrease in 
the value of the thermal conductivity from 0.27W/m K to 0.15W/m K. This decrease is attributed to the 
evaporation of free water and the dissociation-evaporation of its water content. In the first chemical 
reaction dehydrated calcium sulfate CaSO4.2H2O (setted plaster) loses 75% of its water of constitution, 
this leads to calcium sulfate hemihydrate CaSO4.½H2O. In the chemical reaction calcium sulfate 
hemihydrate CaSO4.½H2O loses the remaining water and is transformed to calcium sulfate CaSO4, the 
so-called anhydrite III . 
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Figure 5: Variation of thermal conductivity of the setted plaster (E=0.6) vs. temperature 
Comparison of our results to those found in the literature is shown in Fig. 6. An acceptable agreement is 
found, as the gypsum plaster thermal conductivity varies depending on its origin. It should be mentioned 
that results of Sultan [22] are numerical ones. Comparing our results to those obtained by Harmanthy et 
al. [23], we observe a consistency in the temperature range of 40-70°C. In this area thermal conductivity 
increases from 0.22 to 0.26 W/m K in our case and from 0.23 to 0.24W/m K for Harmanthy et al.'s work. 
In the temperature range of 100-220°C, a decrease in the value of thermal conductivity is observed. This 
decrease is, as reported above, due to dehydration of gypsum. 
 
 
 
Figure 6 : Comparison of our results for the thermal conductivity of setted plaster with those in the literature 
3.2.2 Thermal analysis by differential scanning calorimetry (DSC) 
The result of differential scanning calorimetry analysis (DSC) of the setted plaster is shown in Fig. 7. It 
confirms the results presented in Fig. 5. Indeed, we observe two successive peaks which correspond to 
endothermic phase changes. The first and most important one, occurs at 140°C; it corresponds to the 
dehydration reaction of the gypsum plaster and produce the hemihydrates CaSO4.½ H2O. The second 
peak occurs at 180°C and corresponds to the dehydration of the hemihydrates and produce the soluble 
anhydrite CaSO4 
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Figure 7: DSC analysis of setted plaster, heating rate 5°C/min 
3.2.3. Thermal resistance of setted plaster 
To quantify the insulating properties of the studied the sample, with a thickness of e = 2.9 cm, its thermal 
resistance variations with temperature is presented in Fig. 8. It is clear that setted plaster has insulating 
properties as its temperature increases beyond T = 100°C. This property is interesting for buildings as 
plaster walls may act as firebreak. 
 
 
Figure 8: Thermal resistance of the setted plaster sample (e=2.9 cm) 
3.2.4 Effect of mixing ratio  
Figure 9 presents variations of the thermal conductivity of setted plaster according to its mixing ratio. 
Mixing ratio of E = 0 corresponds to plaster powder. As mixing ratio of plaster increases, its thermal 
conductivity increases. Thus, for buildings walls minimum mixing ratio is recommended. Figure 10 
shows variations of the thermal resistance of setted plaster according to its mixing ratio. The increase in 
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the mixing ratio leads to a reduction of the thermal resistance from 3.64 K/W for E = 0, to 0.0957 K/W 
for E = 0.8. This decrease proves the negative effect of the presence of water on the thermal insulation 
capacity of plaster. Therefore, the use of low mixing ratio allows for improved thermal insulation. 
 
 
Figure 9: Variation of thermal conductivity of setted plaster 
according its mixing ratio. 
 
 
 Figure 10: Variation of thermal resistance of the setted plaster   
according its mixing ratio (e = 2.9cm) 
                                                
4. Conclusion  
This study aims to thermally characterize gypsum plaster, which is abundant in Tunisia. An experimental 
device, based on the radial flux method, was manufactured and used for the measurements of thermal 
conductivity of plaster powder and setted plaster. We focus on the effects of temperature and water 
content. The behavior of the studied gypsum plaster thermal conductivity with temperature presents 
interesting characteristics for buildings walls. This behavior was confirmed by DSC analysis. These 
results explain the use of gypsum plaster as firebreak walls in the buildings. The influence of the mixing 
ratio (i.e. water content) on thermal conductivity of gypsum plaster has been also studied. Results shows 
that water content substantially alter the thermal properties of the setted plaster. Thermal conductivity of 
plaster is strongly influenced by the mixing ratio.  
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